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INTRODUCTION
One of the primary goals of Conservation Biology is to identify and quantify
threats to individual organisms, biotic communities, and ecosystems (Wilcove et al.
1998). A second goal is to preserve and/or restore natural ecosystem processes and
functions. The loss and fragmentation of natural habitats has been identified as the
leading threat to imperiled species in the United States (Wilcove et al. 1998). The
landscape in the Midwest region of the United States comprises small fragments of native
habitat embedded within a matrix of land use that is dominated by agriculture and urban
development. In Illinois, the matrix surrounding residual fragments of forest habitat is
primarily row-crop agriculture and pastures. These remnant patches of forest may be too
small to maintain ecosystem processes or functions, or to allow viable populations of
some organisms to persist.
Based on correlative studies throughout Illinois and the Midwest, a matrix of row-
crop agriculture and pastures has been associated with low levels of nesting success for
those birds nesting in remnant patches of forest (Robinson et al. 1995a). Row-crop
agriculture is associated with high abundances of several species of nest predators
(snakes, birds, and mammals), and rates of nest predation for birds nesting in forests
adjacent to these areas are typically very high (Whitcomb et al. 1981). Pastures are
preferred feeding areas for Brown-headed Cowbirds (Molothrus ater), and birds nesting
in forests adjacent to pastures often experience high levels of brood parasitism (Robinson
et al. 1995b). Declines in populations of some species of bird have been attributed, in
part, to these high rates of nest predation and brood parasitism commonly found in highly
3fragmented landscapes (Sherry and Holmes 1995). Given that large areas of forested
habitat are necessary to promote stability or increases in populations, and given the
severity of habitat fragmentation in the Midwest and throughout the United States, large-
scale habitat restoration may be the only solution to conserve intact ecosystems.
Consequently, habitat and ecosystem restoration has become an essential component of
both local and regional conservation strategies.
Restoration of functioning ecosystems might be the best long-term strategy for
maintaining viable populations of migrant songbirds. A functioning floodplain forest
ecosystem requires a "natural" hydrologic regime (flooding) to create and maintain the
micro-topography associated with the diverse assemblage of habitats present in a
floodplain system. Along with hydrology, an extensive area of floodplain is necessary to
allow for this diverse assemblage of habitats to be present and abundant. Functioning
ecosystems have the best potential to provide habitat for the full range of birds that breed
in an area, and more importantly can provide (with increased nesting success) a source of
immigrants to recolonize the surrounding landscape. Ecosystem restoration
("unfragmenting" the land), in the long run, might be more economical than managing
for single species that have declined and become locally threatened.
Little is known concerning the effects of large-scale, long-term habitat restoration
on populations of songbirds. Management recommendations for restoration projects are
usually based more on speculation and less on actual data gathered from the area
undergoing restoration. Often, research and management actions are not integrated with
each other or with continued monitoring (DeSante and Rosenberg 1998). Long-term
studies that track habitat restoration and the resulting responses of the avian community
are invaluable. These studies provide insight into the natural processes that affect the
function and value of habitat for songbirds and other organisms, and document how these
processes change over time. The long-term nature of such studies also allows for specific
management-oriented questions to be addressed.
As stated above, studies of nesting success in forests adjacent to agriculture and
pasture have been correlative. This means that we have been limited to studying the
influence of adjacent land use on the nesting success of forest songbirds by comparing
nesting success in forests adjacent to one land-use with nesting success in different
forests adjacent to another land-use in the same year. Until now we have not had the
opportunity to study the nesting success of birds in a forest that is adjacent to row crop
agriculture one year, and non-agriculture (the initial phase of bottomland forest
restoration) the next. A "before and after" (with and without agriculture) study will allow
us to truly determine the influence of the agriculture on the nesting success and
community composition of the birds in the adjacent forest.
With the recent acquisition of an 800+ hectare plot of agricultural land (the Rose
Farms property - embedded between the moderately forested upper and lower portions of
the Cache River restoration project area), the Illinois Chapter of The Nature Conservancy
has created the rare opportunity to conduct what is essentially a natural experiment. In
1999 we completed a preliminary study and determined the nesting success and
5abundances of birds in the forests adjacent to the Rose Farms property (hereafter referred
to as the Grassy Slough Preserve; farmed for the last time during the 1999 growing
season). We will now conduct follow-up studies in subsequent years (after the removal
of agriculture) as the restoration of bottomland forest and wetland habitat proceeds. Our
primary objective during the 1999 field season was to document the composition of the
avian community and rates of nest predation and brood parasitism for 2 focal species in
the forest surrounding the Grassy Slough Preserve prior to the removal of the row-crop
agriculture. The results of this initial study will serve as a basis for comparison with
results from future research to determine the influence of bottomland forest restoration on
the avian community.
METHODS
With standardized breeding bird census techniques and documentation of nesting
success during the 1999 breeding season, we gathered preliminary data in forests adjacent
to a substantial block (>800 ha) of row-crop agriculture (soy beans and corn).
The primary source of information used to determine the community-wide
responses of birds to habitat restoration is census data. This data can be used to
document species richness, abundance, community composition, and any changes in
these factors over time. Birds were censussed from 20 May to 30 June in study sites in
forests adjacent to the Grassy Slough Preserve. Birds were also censussed within the
agricultural fields. Two observers conducted censuses using a modified version of the
point-count method where observers stop for 6 minutes at points that were 150m apart
(Hutto et al. 1986). At each stop observers recorded the species, vocalization (song, call,
chip, etc.) or observation, compass direction, and distance of each bird heard or observed.
For cowbirds, we separately recorded "rattle" calls, which are usually given by females.
To standardize our results with those of other studies, we calculated 3-minute (Breeding
Bird Survey) and 5-minute (U.S. Forest Service and U.S. Fish and Wildlife Service)
subtotals. A sixth minute total was included for comparisons with census data collected
elsewhere in Illinois. Relative abundances and species composition will be compared to
other areas within the Cache River Watershed (CRW), and with census data collected
from the same sites in subsequent years.
Focal species are required to obtain information on nesting success, nest
predation, and brood parasitism over a wide area within a given year, and over several
years (especially where habitat is changing due to restoration) (Temple and Wiens 1989).
We chose the Prothonotary Warbler (Protonotaria citrea) and the Acadian Flycatcher
(Empidonax virescens) as the two focal species for this study because we have good
background information from the CRW for these two species, their nests are relatively
easy to find, and we can obtain detailed information on rates of nest predation and brood
parasitism.
We have been studying 150-200 pairs of color-marked Prothonotary Warblers
within the CRW and Cypress Creek NWR from 1994 to the present. The Prothonotary
Warbler is a floodplain and swamp (wet) forest specialist that nests in secondary cavities
and has experienced significant population declines during the past 30 years (Sauer et al.
71997). Prothonotary Warblers preferentially nest over water (Petit and Petit 1996, J.
Hoover, unpubl. data), their nests are usually located 1-2.5 m above ground (or water)
level, they are abundant in a variety of wet forested habitats in the CRW, they are easy to
capture and color-band, and they readily use nest boxes. Numerous species of predators
including Raccoons (Procyon lotor), mice, snakes, Southern Flying Squirrels (Glaucomys
volans), and avian nest predators prey on their nests (natural cavity and nest box). The
identity of nest predators responsible for each predation event can be determined >95%
of the time (J. Hoover, unpubl. data), and this information can provide a relative index of
nest predator activity among the many study sites and habitat types within the Cache
River watershed. Prothonotary Warblers are also parasitized quite heavily by Brown-
headed cowbirds, and this information can provide a relative index of brood parasitism
throughout the CRW. More importantly, rates of nest predation and brood parasitism can
be tracked over the long term to determine if and how they change as restoration occurs.
To study the nesting success of Prothonotary Warblers adjacent to the Grassy
Slough Preserve, we placed 110 nest boxes among 5 sites. Nest boxes were made from
1.9-liter milk and juice cartons (Petit 1989), and placed 1.7 m above ground. We
monitored nest boxes every 4 days, and documented the composition of the clutch
(warbler and cowbird eggs), the composition of the brood (warbler and cowbird young),
and monitored the nest until it was no longer active (failure caused by nest predation or
the successful fledging of young). We then calculated predation rates and rates of brood
parasitism by cowbirds for the nests of Prothonotary Warblers.
We captured all adult Prothonotary Warblers on the 5 study sites and banded each
unmarked individual with a unique color-band/USFWS aluminum band combination.
Males were captured using a mist net, decoy, and taped playback of a male song.
Females were captured while in nest boxes. We followed individuals throughout the
breeding season and recorded, for each individual, nest-site location(s) and reproductive
output (in 1998, we followed approx. 400 adults and 563 nesting attempts in other sites
within the CRW). Prothonotary Warbler nestlings were banded with a USFWS
aluminum band when they were 8-9 days old (approx. 2-3 days before fledging) (in 1998
we banded approx. 250 nestlings in other sites within the CRW). We will compare site
fidelity and territory fidelity of individuals in 2000 to their reproductive histories from
previous breeding season.
Acadian Flycatchers are abundant throughout the bottomland forest adjacent to
the Rose Farms property and throughout the CRW. They build open-cup-shaped nests
that are relatively easy to find, and are typically located on the outer tips of tree branches
in the subcanopy or canopy of the forest. Nests of Acadian Flycatchers are often
parasitized by cowbirds, and are vulnerable to a variety of nest predators (birds, snakes,
and small mammals). By concentrating on Acadian Flycatchers, we were able to obtain
adequate numbers of nests to obtain good estimates of rates of nest predation and brood
parasitism in the forests surrounding the Grassy Slough Preserve. Data collected on the
nesting success of Acadian Flycatchers can also be compared to the vast amount of pre-
existing data from previous studies conducted in the CRW 1993-1996.
We searched for and monitored nests of Acadian Flycatchers on the 5 study sites
for the duration of the breeding season (15 May to 15 August). For each nest that was
found, we documented the composition of the clutch (flycatcher and cowbird eggs), the
composition of the brood (flycatcher and cowbird young), and monitored the nest until it
was no longer active (failure caused by nest predation or the successful fledging of
young). We calculated daily predation rates (DPRs) and rates of brood parasitism by
cowbirds for the nests of Acadian Flycatchers found on the 5 sites. Daily predation rates
are calculated by dividing the total number of nest predation events at a given site by the
total number of nest exposure days for that site. The overall rate of nest predation can be
calculated for Acadian Flycatchers for any given DPR by using the following equation:
1 - [(1 - DPR) 25]
RESULTS
Censussing
We conducted point counts to census the bird community within three general
areas of forest within and adjacent to the Grassy Slough Preserve. The Forman Tract is
an area of contiguous forest that borders the Grassy Slough Preserve to the north along
the Cache River. Rose Farm Corridor is a strip of forest that runs through the property
along the Post Creek Cutoff, and the old Cache River Slough is a slough that is located
along the northeast edge of the property. We have included census data from the Wildcat
Swamp area that was gathered in 1993-1994. This site is part of the most extensive
bottomland forest remaining in the CRW and we feel it is a good template of what a
relatively healthy bottomland forest bird community should consist of.
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The edge created by the interface of agriculture and forest within the Grassy
Slough Preserve contains a mixture of those species commonly found in agricultural and
in edge-dominated habitats in general. Both the RFC and CRS study areas were
dominated by edge and near edge forest habitat. Species that are typical "edge" species
were those found more commonly in both the RFC and CRS study areas ( please see
Table 1) compared to the FT study area. Species associated with the forest agriculture
interface included Brown Thrasher (see Table 1 for scientific names), Eastern Bluebird,
American Robin, White-eyed Vireo, Common Yellowthroat, Yellow-breasted Chat, Red-
winged Blackbird, Brown-headed Cowbird, Indigo Bunting, and Field and Song Sparrow.
Some of these species (e.g., Indigo Bunting) also occur within contiguous bottomland
forest but are usually at lower densities and associated with natural edges along the river
or with tree fall gaps.
Several species of forest songbird were not present or were less common in the
RFC and CRS areas than in the contiguous forest. These species included the Acadian
Flycatcher, Wood Thrush, Red-eyed and Yellow-throated Vireo, Northern Parula,
Yellow-throated and Kentucky Warbler, Louisana Waterthrush, and Scarlet Tanager.
The Cerulean Warbler is present only in the vast area of bottomland forest that serves as a
restoration template (WS). Many of these species exemplify the forest interior bird
community for which there is conservation priority, whereas the edge species typically
thrive without any conservation efforts.
The abundance of female Brown-headed Cowbirds was greatest within the two
areas of forest in closest proximity to the agriculture (RFC and CRS) (Table 1). A
comparison of the female cowbird abundance with the combined abundance of host
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species (those species known to accept cowbird eggs regularly) gives a good general
index of what the community-wide level of parasitism may be (Robinson et al. 2000).
This cowbird-to-host ratio is given for each site at the end of Table 1. Estimates of the
predicted community-wide parasitism (cowbird eggs per host nest) that are expected
given a particular cowbird-to-host ratio were calculated (using a model in Robinson et.al
2000) and are also reported in Table 1.
The general patterns of the cowbird-to-host ratios and predicted levels of brood
parasitism do not reflect, however, the actual pattern (or lack thereof) of brood parasitism
we found for Acadian Flycatchers and for Prothonotary Warblers (see Brood Parasitism
below). It is likely that a large cattle pasture and smaller horse pastures just to the east of
the Grassy Slough Preserve are influencing the parasitism rates in the Forman Tract.
Also, the lack of hosts in the row-crop agriculture should push the cowbirds into the
forest in search of nests to parasitize. The cowbird-to-host ratio is useful as a general
index and as a tool for making predictions regarding levels of community-wide
parasitism, but it should be used in conjunction with (not in place of) real data on brood
parasitism.
Brood Parasitism
We were able to monitor 30 Acadian Flycatcher nests and 47 Prothonotary
Warbler nests among the forested sites within and adjacent to the Grassy Slough
Preserve. The severity of brood parasitism (cowbird eggs/nest) was consistent within
each species across study sites and was approximately 0.5 and 1.0 cowbird eggs/nest for
Acadian Flycatchers and Prothonotary Warblers, respectively (Figures 1 and 2).
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Results from previous studies of other sites within the CRW indicate that the
severity of brood parasitism for Acadian Flycatchers nesting in the forests near the
Grassy Slough Preserve are higher than those in the largest, most intact forested area just
to the north (below Wildcat Bluff: severity = 0.29 for 126 nests) and the more forested
area just to the west (Porter Bottoms: severity = 0.20 for 15 nests) (Robinson and Hoover
1995). Throughout the CRW, the range for the severity of brood parasitism for Acadian
Flycatcher nests among sites has been 0.11 to 0.90 (Robinson and Hoover 1995).
Based on data from other studies in the CRW, the severity of brood parasitism for
Prothonotary Warblers is highly variable among sites (J. Hoover, unpubl. data). Again,
the largest, most intact area of forest to the north of the Grassy Slough Preserve (below
Wildcat Bluff) has had the lowest brood parasitism (severity = 0.60 for 190 nests). The
remaining sites, however, vary from 0.80 to 2.50 cowbird eggs/nest (Hoover and
Robinson 1998).
Nest Predation
Daily predation rates (DPRs) for Acadian Flycatcher nests varied little for the
majority of the sites and in total were approximately 4.0% per day (Figure 3). This rate
of 4% per day is equivalent to an overall loss of 67% of nests to predators. An exception
to this was for the Little Grassy Slough site where only 5 nests were found and the DPR
was approximately 1.0%. Values of DPRs for small sample sizes should be considered
cautiously. The DPR for all sites combined should be viewed as the best index for
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current rates of nest predation. Although we did not observe any actual nest predation
events, we suspect that the primary nest predators are Blue Jays (Cyanocitta cristata),
American Crows (Corvus brachyrhynchos), Common Grackles (Quiscalus quiscula), or
snakes [e.g.s, Black Rat (Elaphe obsoleta obsoleta) and Speckled King Snakes
(Laupropeltis getula). The DPR for Acadian Flycatcher nests in the forests adjacent to
the Grassy Slough Preserve (4.0%) is moderately high in relation to DPRs that have been
documented in previous years from other sites within the CRW (range = 1.3-7.8%)
(Robinson and Hoover 1995). The lowest DPR for Acadian Flycatchers in the watershed
has occurred in the largest, most intact forested area to the north of the Grassy Slough
Preserve below Wildcat Bluff.
Complete nesting information is known for all Prothonotary Warbler nests and the
percent of nests preyed on can be used in place of DPRs. For all sites combined, 44% of
the nests were preyed on (Figure 4). This falls within the typical range of nest predation
for several other study sites throughout the CRW (J. Hoover, unpubl. data). The predator
responsible for the majority (67%) of nest predation events was the Raccoon (Procyon
lotor), with snakes responsible for the remainder (Figure 5). This pattern of nest
predation is similar for Prothonotary Warblers nesting throughout the entire CRW.
Based on data from 1993-1998, we know that rates of nest predation for Prothonotary
Warblers are regulated by water depth and are not directly related to the amount of
habitat fragmentation (Hoover and Robinson 1998). The warblers prefer to nest over or
next to water and experience high rates of nesting success when water is deeper than
30cm or when water dries up and there is no reinundation for extended periods (months).
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Rates of nest predation are extremely high for Prothonotary Warblers nesting in areas
with shallow (1-30cm) water or with exposed mudflats because these areas are used
heavily by Raccoons when they are foraging.
DISCUSSION
The conversion of row-crop agriculture to bottomland forest at the Grassy Slough
Preserve will result in predictable changes in the avian community, especially within the
property itself. As the restoration transitions from agriculture to forest, the bird
community will also transition from those species associated with agriculture/forest
edges, to those associated with edge and second growth, to those associated with mature
forest. The initial transition will be rapid (few years) and involve a great influx of
grassland species. The grassland bird community will transition in 5-7 years to a
shrubland and second growth bird community, eventually transitioning into a forest bird
community (after decades). The bird community of the WS study site (Heron Pond/Little
Black Slough) is a good template for what the bird community of the Grassy Slough
Preserve may eventually become with successful restoration.
The effects of brood parasitism on the nesting success of Acadian Flycatchers is
quite different compared to Prothonotary Warblers. Most of the Acadian Flycatcher nests
that were parasitized (but not preyed upon) produced a cowbird fledgling with one or no
Acadian Flycatcher fledglings. Nests that were not parasitized (and not preyed upon)
produced 2-3 Acadian Flycatcher fledglings. This difference in the successful fledging of
Acadian Flycatcher young was the result of a combination of egg removal by adult
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cowbirds, reduced hatching success of the remaining Acadian Flycatcher eggs, and
reduced survival of Acadian Flycatcher nestlings for those nests that were parasitized.
Acadian Flycatchers migrate from the tropics, have a relatively short breeding
season (late May through July) and are usually single brooded, and raise few of their own
young when parasitized by cowbirds. For a species such as this, high rates of nest
predation, high rates of brood parasitism, or moderate levels of both combined, can lead
to levels of nesting success below that required to maintain populations. Prothonotary
Warblers also migrate to the tropics, but have a relatively long breeding season (late
April through mid-August), can produce 2 broods, and are capable of raising broods
containing both cowbird and warbler young. For species with characteristics similar to
the Prothonotary Warbler, high rates of nest predation would be the primary factor
leading to poor overall nesting success.
Approximately 67% of all Acadian Flycatcher nests located in the forest adjacent
to the Rose property agriculture were lost to predation. Of the remaining 33% of nests,
about half would be parasitized (assuming that predation rates are similar for parasitized
and unparasitized nests) and would likely not fledge any Acadian Flycatchers. The
combined effects of nest predation and brood parasitism would result in the production of
Acadian Flycatcher young in only 15-20% of nests. The level of nesting success thought
necessary to promote stable or increasing populations (source habitat) is > 60% (DPR <
2.0%). For all of the Grassy Slough Preserve sites combined, DPRs for Acadian
Flycatchers were >4.0% and collectively these sites are likely acting as a population sink.
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The presence of agriculture embedded within bottomland forests may promote
increases in both nest predation and brood parasitism (Robinson et al. 1995). A blend of
agriculture and forest favors higher abundances of both nest predators and brood
parasites. The close proximity of the agriculture to the forest may make it easier for
cowbirds to penetrate into the forest in search of nests to parasitize. Fields with intensive
row-crop agriculture may lack suitable hosts and may promote an even greater use of the
adjcent forest by cowbirds. Also, snakes and mammalian nest predators may spend more
time foraging in forests adjacent to row-crop agriculture if the agriculture is a food-poor
environment. Higher abundances of potential nest predators spending more time foraging
in forests adjacent to agriculture could lead to higher rates of nest predation even if the
nest predators encountered nests by chance alone (Hoover et al. 1995).
The study being conducted at the Grassy Slough Preserve in the CRW provides an
invaluable opportunity to compare rates of brood parasitism and nest predation in forests
adjacent to row-crop agriculture with rates in the first and subsequent years as the
agriculture is removed and restoration of the land begins. Study sites within the state-
and federally-owned areas of the CRW away from the Grassy Slough Preserve will act as
a "control" for this comparison. If rates of brood parasitism and nest predation drop
dramatically (over a number of years) adjacent to the Grassy Slough Preserve once
agriculture has been removed, but hold relatively steady elsewhere in the watershed, then
the negative influence of the agriculture could be asserted.
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The CRW project, including the Grassy Slough Preserve (TNC), the Cypress
Creek National Wildlife Refuge (USFWS), and the Cache River/Heron Pond/Little Black
Slough State Natural Areas (IL DNR), provides a system for studying the direct and
indirect effects of converting a substantial block (>800 ha) of row-crop agriculture (the
Grassy Slough Preserve) to an eventual bottomland forest habitat. Following the removal
of agriculture, it is crucial that we conduct follow-up studies to document any short-term
changes in the avian community (community composition, and nesting success)
associated with this large-scale restoration effort in the CRW. This system will continue
to provide a unique opportunity to incorporate the results of songbird research within the
restoration project area into management recommendations in the short-term. These
recommendations will be validated in the long-term with future research during the
progression of the restoration, and will make the CRW project and the Grassy Slough
Preserve model systems for the restoration of bottomland forests.
CONCLUSIONS
* Restoration on the Grassy Slough Preserve will cause a rapid influx of grassland bird
species during the initial 1-5 years. This will be followed by a relatively quick
(years) transition to a shrub and second-growth bird community which will slowly
(decades) become a forest bird community.
* Rates of brood parasitism in forest adjacent to the agriculture in the Grassy Slough
Preserve were approximately 0.50 and 1.00 cowbird eggs per nest for Acadian
Flycatchers and Prothonotary Warblers, respectively. These rates are moderately
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high relative to rates throughout the CRW, but are within the range of rates that has
been found in previous studies.
* The daily predation rate was approximately 4.0% (67% overall predation rate) for
Acadian Flycatchers and the percentage of nests preyed on was 44% for Prothonotary
Warblers. Rates of nest predation for Prothonotary Warblers is dependent on
hydrologic fluctuations (i.e., changes in depth of water beneath the nest) and are
likely more variable between years than rates for Acadian Flycatchers.
* The combined effect of nest predation and brood parasitism resulted in the fledging of
Acadian Flycatcher young from 15-20% of nests in the forests adjacent to the
agriculture. This amount of nesting success is below that necessary to maintain or
increase population size.
* It is crucial to repeat this study in 2000 and in 2001 to document any immediate
(short-term) changes in brood parasitism, nest predation, and composition of the
avian community as the land that was agriculture in 1999 goes through the first 2
years of post-agricultural restoration. These data will also be necessary to determine
the long-term effects the restoration may have on the avian community during the
next 5-50 years.
* This system will continue to provide a unique opportunity to incorporate the results of
songbird research within the restoration project area into management
recommendations in the short-term. These recommendations will be validated in the
long-term with future research during the progression of the restoration, and will
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make the Cache River Wetlands project (including Grassy Slough) a model system
for the restoration of bottomland forests.
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Table 1. Abundances (Number of individuals per 70-m radius census point) of birds in the
forests adjacent to and within the Grassy Slough Preserve (1999) and in Wildcat Swamp (1993-
1994) during the breeding season in southern Illinois.
Study Area a
Speciesb FT RFC CRS WS
(17)c (17) (7) (58)
GRHE
GBHE
WODU
HOME
KILL
AMWO
WITU
NOBO
RSHA
RTHA
TUVU
BLVU
MODO
YBCU
GHOW
BAWO
WHIP
P
0.35
0.12
0.06
P
0.06
0.06
0.06
0.12
pd
0.14
0.14
P
P
0.29
0.43
0.09
0.02
0.02
P
P
0.02
0.02
FO
FO
P
0.43
P
0.02
P
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Study Area a
Speciesb FT RFC CRS WS
(17)c (17) (7) (58)
0.06
0.06
0.41
0.29
RTHU
BEKI
RHWO
PIWO
NOFL
RBWO
DOWO
HAWO
EAKI
GCFL
EAPH
EWPE*
ACFL*
YBFL
WIFL*
ALFL*
HOLA
PUMA
NRWS
0.18
0.65
2.59
0.06
0.06
0.06
0.29
0.18
0.12
0.12
0.14
P
0.29
0.43
0.29
0.29
0.14
0.63
0.57
0.14
0.14
0.25
P
0.13
0.12
0.03
0.22
0.64
0.10
0.02
0.32
0.75
2.97
0.02
0.02
FO
0.02
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Study Areaa
Speciesb FT RFC CRS WS
(17)c (17) (7) (58)
CHSW
FICR
AMCR
BLJA
CACH
ETTI
BRCR
WBNU
CAWR
BGGN
BRTH
NOMO
GRCA
EABL
AMRO
WOTH*
CEWX
EUST
REVI*
FO e
P
0.12
0.65
0.88
0.76
0.65
1.94
0.24
P
0.06
0.12
0.35
0.47
0.12
0.71
0.35
0.24
0.12
0.24
0.06
P
0.14
1.00
0.86
0.43
0.86
0.57
0.29
FO
0.47
0.09
0.02
0.08
0.15
0.64
1.24
P
0.62
0.67
0.99
P
0.02
0.05
0.02
0.32
P
0.51
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Study Area a
Speciesb FT RFC CRS WS
(17)c (17) (7) (58)
YTVI* 0.47 -- -- 0.21
WEVI* -- 0.29 0.71 0.32
PROW* 0.71 0.18 0.43 0.88
NOPA 0.65 P 0.29 0.66
YTWA* 0.06 -- -- 0.05
BWWA* -- -- -- P
CERW* -- -- -- 0.22
AMRE* -- --- -- 0.10
WEWA* -- -- -- P
YEWA* -- -- -- P
KEWA* 0.29 -- -0.45
COYE* -- 1.47 1.14 0.11
YBCH* P 1.29 0.57 P
LOWA* 0.35 -- -- 0.07
OVEN* -- -- -- P
DICK -- 0.76 P
RWBL -- 0.18 1.29 0.27
BHCO (male) 0.41 0.47 0.43 0.39
BHCO (female) 0.24 0.65 0.63 0.21
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Study Area a
Speciesb FT RFC CRS WS
(17)c (17) (7) (58)
0.12COGR
OROR*
SUTA*
SCTA*
NOCA
AMGO
BLGR*
INBU*
EATO*
FISP
SOSP*
All Cowbird Hosts*
BHCO (female)
Cowbird-to-Host
Ratio**
Expected
Community-wide
Parasitism***
(cowbird eggs/nest)
P
0.29
0.53
0.53
P
0.47
0.53
0.12
2.82
0.24
1.00
0.29
7.06
0.65
7.30
0.24
0.033 0.092
1.29
0.14
0.14
1.86
0.29
P
3.86
0.14
0.14
0.41
8.88
0.63
0.071
0.37
0.04
0.04
1.09
0.36
0.35
0.02
7.43
0.21
0.028
1.40 1.20 0.600.69
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a Sites within the Grassy Slough Preserve (formerly known as the Rose property) are: FT =
Forman Tract; RFL = Rose Farm Levee; CRS = Cache River Slough. WS = Wildcat
Swamp census data from 1993-1994 for comparison as this site is the largest, most intact
bottomland forest remaining in the Cache River watershed.
b ACFL = Acadian Flycatcher (Empidonax virescens)
ALFL = Alder Flycatcher (Empidonax alnorum)
AMCR = American Crow (Corvus brachyrhynchos)
AMGO = American Goldfinch (Carduelis tristis)
AMRE = American Redstart (Setophaga ruticilla)
AMRO = American Robin (Turdus migratorius)
AMWO = American Woodcock (Philohela minor)
BAOR = Baltimore Oriole (Icterus galbula)
BAOW = Barred Owl (Strix varia)
BEKI = Belted Kingfisher (Megaceryle alcyon)
BGGN = Blue-gray Gnatcatcher (Polioptila caerulea)
BHCO = Brown-headed Cowbird (Molothrus ater)
BLGR = Blue Grosbeak (Guiraca caerulea)
BLJA = Blue Jay (Cyanocitta cristata)
BLVU = Black Vulture (Coragyps atratus)
BRCR = Brown Creeper (Certhia familiaris)
BRTH = Brown Thrasher (Toxostoma rufum)
BWWA = Black-and-white Warbler (Mniotilta varia)
CACH = Carolina Chickadee (Parus carolinensis)
CAWR = Carolina Wren (Thryothorus ludovicianus)
CERW = Cerulean Warbler (Dendroica cerulea)
CEWX = Cedar Waxwing (Bombycilla cedrorum)
CHSW = Chimney Swift (Chaetura pelagica)
COGR = Common Grackle (Quiscalus quiscula)
COYE = Common Yellowthroat (Geothlypis trichas)
DOWO = Downy Woodpecker (Picoides pubescens)
EABL = Eastern Bluebird (Sialia sialis)
EAKI = Eastern Kingbird (Tyrannus tyrannus)
EAME = Eastern Meadowlark (Sternella magna)
EAPH = Eastern Phoebe (Sayornis phoebe)
EATO = Eastern Towhee (Pipilo erythrophthalmus)
ETTI = Eastern Tufted Titmouse (Parus bicolor)
EUST = European Starling (Sturnus vulgaris)
EWPE = Eastern Woodpewee (Contopus virens)
FICR = Fish Crow (Corvus ossifragus)
FISP = Field Sparrow (Spizella pusilla)
GBHE = Great Blue Heron (Ardea herodias)
GCFL = Great-crested Flycatcher (Myiarchus crinitus)
GHOW = Great Homrned Owl (Bubo virginianus)
GRCA = Gray Catbird (Dumetella carolinensis)
GRHE = Green Heron (Butorides virescens)
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HAWO = Hairy Woodpecker (Picoides villosus)
HOLA = Horned Lark (Eremophila alpestris)
HOME = Hooded Merganser (Lophodytes cucullatus)
INBU = Indigo Bunting (Passerina cyanea)
KEWA = Kentucky Warbler (Oporornisformosus)
KILL = Killdeer (Charadrius vociferus)
LOWA = Louisiana Waterthrush (Seiurus motacilla)
MODO = Mourning Dove (Zenaida macroura)
NOBO = Northern Bobwhite (Colinus virginianus)
NOCA = Northern Cardinal (Cardinalis cardinalis)
NOFL = Northern Flicker (Colaptes auratus)
NOMO = Northern Mockingbird (Mimus polyglottos)
NOPA = Northern Parula (Parula americana)
NRWS = Northern Rough-winged Swallow (Stelgidopteryx ruficollis)
OROR = Orchard Oriole (Icterus spurius)
OVEN = Ovenbird (Seiurus aurocapillus)
PIWO = Pileated Woodpecker (Dryocopus pileatus)
PROW = Prothonotary Warbler (Protonotaria citrea)
PUMA = Purple Martin (Progne subis)
RBWO = Red-bellied Woodpecker (Melanerpes carolinus)
REVI = Red-eyed Vireo (Vireo olivaceus)
RHWO = Red-headed Woodpecker (Melanerpes erythrocephalus)
RSHA = Red-shouldered Hawk (Buteo lineatus)
RTHA = Rec-tailed Hawk (Buteo jamiacensis)
RTHU = Ruby-throated Hummingbird (Archilochus colubris)
RWBL = Red-winged Blackbird (Agelaius phoeniceus)
SCTA = Scarlet Tanager (Piranga olivacea)
SOSP = Song Sparrow (Melospiza melodia)
SUTA = Summer Tanager (Piranga rubra)
TUVU = Turkey Vulture (Cathartes aura)
WBNU = White-breasted Nuthatch (Sitta carolinensis)
WEVI = White-eyed Vireo (Vireo griseus)
WEWA = Worm-eating Warbler (Helmitheros vermivorus)
WHIP = Whip-poor-will (Caprimulgus vociferus)
WIFL = Willow Flycatcher (Empidonaxtraillii)
WITU = Wild Turkey (Meleagris gallopavo)
WODU = Wood Duck (Aix sponsa)
WOTH = Wood Thrush (Hylocichla mustelina)
YBCH = Yellow-breasted Chat (Icteria virens)
YBCU = Yellow-billed Cuckoo (Coccyzus americanus)
YBFL = Yellow-bellied Flycatcher (Empidonaxflaviventris)
YEWA = Yellow Warbler (Dendroica petecia)
YTVI = Yellow-throated Vireo (Vireo flavifrons)
YTWA = Yellow-throated Warbler (Dendroica dominica)
c Number of census points for that site.
29
d This species was present, but never within 70 m of any census point.
e Individual(s) of this species flew overhead during the census.
* Species used to calculate total cowbird host abundance.
** Cowbird-to-host ratio is the abundance of female cowbirds divided by the total
cowbird host abundance.
*** Predicted community-wide parasitism (cowbird eggs/host nest; averaged across all host
species) as calculated using a model found in Robnison et al. 2000.
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